We continue the study begun in Karasev et al. (2018) and present the results of our optical identifications of four hard X-ray sources from the INTEGRAL sky surveys. Having first improved the positions of these objects in the sky with the X-ray telescope (XRT) of the Swift observatory, we have identified their counterparts using optical and infrared sky survey data. Then, we have obtained optical spectra for the supposed counterparts with the RTT-150 Russian-Turkish telescope and the AZT-33IK telescope. This has allowed the nature of the objects under study to be established. The sources IGR J11079+7106 and IGR J12171+7047 have turned out to be extragalactic in nature and be Seyfert 1 and 2 galaxies, respectively, with the second object being characterized by a large absorption column density. The source IGR J18165-3912 is most likely an intermediate polar with a very high luminosity. The fourth source, IGR J20596+4303, is a chance superposition of two objects -a Seyfert 2 galaxy and a cataclysmic variable.
INTRODUCTION
The INTEGRAL observatory (Winkler et al. 2003 ) has operated in orbit and performed sky observations in the hard X-ray energy range (above 20 keV) for 17 years. In this period a high sensitivity has been achieved in various sky regions, including the Galactic plane (Revnivtsev et al. , 2006 Molkov et al. 2004 ; Krivonos et al. 2012 Krivonos et al. , 2017 Bird et al. 2016 ) and a number of extragalactic fields (Grebenev et al. 2013; Mereminskiy et al. 2016 ), which has led to the discovery of several hundred new hard X-ray sources (see, e.g., Krivonos et al. 2007 Krivonos et al. , 2012 ; Bird et al. 2016 ). The completeness of the catalog of sources detected by the INTEGRAL observatory is very high owing to the big efforts made to identify them in the soft X-ray, visible, and infrared (IR) bands (see, e.g., Masetti et al. 2007 Masetti et al. , 2010 ; Tomsick et al. 2009 Tomsick et al. , 2016 Malizia et al. 2010) . In this paper, using the previously accumulated experience (see, e.g., Bikmaev et al. 2006 Bikmaev et al. , 2008 Burenin et al. 2008 Burenin et al. , 2009 Lutovinov et al. 2010 ; Karasev et al. 2018 ), sky survey data in various * e-mail: dkarasev@iki.rssi.ru wavelength ranges, and additional spectroscopic observations with the RTT-150 and AZT-33IK optical telescopes, we investigated four hard Xray sources: IGR J11079+7106, IGR J12171+7047 discovered during a deep extragalactic survey (Mereminskiy et al. 2016 ) and IGR J18165-3912, IGR J20596+4303 first detected in a survey of the Galactic plane and its neighborhoods |b|< 17 • ( Krivonos et al. 2017) .
INSTRUMENTS AND DATA
Coded-aperture X-ray instruments allow the positions of sources to be determined with an accuracy that, as a rule, is insufficient for their unequivocal optical identification. Therefore, to improve the localization of the objects from our sample, we used publicly accessible sky observations with the grazing incidence X-ray telescope (XRT) of the Neil Gehrels Swift observatory (hereafter simply the Swift observatory).
Some of the investigated objects have been detected for the first time and have not been observed previously by other observatories. To improve the localization accuracy and to optically identify these sources, we additionally requested the XRT/Swift soft X-ray observations. Note that for all objects, based on the significance of their detection, we took the INTEGRAL position accuracy to be 4.2 (at 95.4% confidence; Krivonos et al. 2007 Krivonos et al. , 2017 . This is a fairly large uncertainty and, therefore, we ran into ambiguity in choosing a soft X-ray counterpart of the hard X-ray source. The XRT/Swift data were processed with the corresponding software 1 of HEASOFT 6.22 2 . The positions of the objects in the XRT/Swift images and their localization accuracy were determined with standard recommended procedures and algorithms 3 (Goad et al. 2007; Evans et al. 2009 ). The X-ray spectra of the sources were fitted using the XSPEC software.
The positions of the sources in the optical and near-IR bands presented in the paper were taken from the publicly accessible catalogs of the PanSTARRS 4 , VHS ESO 5 and SkyMapper 6 sky surveys. We investigated the mid-IR colors of the objects based on data from the publicly accessible catalogs of the WISE space observatory.
The distances to the optical counterparts of some of the investigated objects were estimated from the data of the Gaia 7 space observatory specially processed by Bailer-Jones et al. (2018) (see the I/347 catalog of the Vizier 8 ).
The spectroscopy for a number of objects from the sample was performed at the Russian-Turkish 1.5-m telescope (RTT-150) with the medium-and low resolution TFOSC 9 spectrograph For this purpose, we used the N15 grism, which gives the widest wavelength range (3500-9000Å) and the greatest quantum efficiency. The spectral resolution was ≈ 12Å (FWHM).
Apart from RTT-150, for our spectroscopy we used the 1. All of the spectroscopic observations were processed in a standard way using the IRAF 10 software and our own additional software package. To calculate the photometric distances D L to the extragalactic sources from their redshifts, we used the ΛCDM cosmological model with the following parameters: H 0 = 67. 8 and Ω M = 0.308 (Planck Collaboration 2016).
IDENTIFICATION OF SOURCES
Basic data on the sources investigated in this paper are presented in Table 1 . It provides the names of the sources, the coordinates of their We obtained the XRT X-ray spectrum of Swift J1107.8+7107 and combined it with the IBIS/INTEGRAL spectrumof the hard X-ray source IGR J11079+7106 ( Fig. 1 ). It turned out that the fluxes from the sources in the soft and hard X-ray bands agree well between themselves, while the broadband spectrum could be fitted (χ 2 = 0.65 per degree of freedom for 16 degrees of freedom) by a power law with a slope (photon index) of 1.70±0.05 ( Fig. 1) . Such a spectral model is typical primarily for active galactic nuclei (AGNs).
Using an accurate localization of the assumed soft X-ray counterpart and the PanSTARRS sky survey data, we managed to determine the optical counterpart of the source (Fig. 1 ). This is an extended object with an apparent magnitude r 17.0. We performed its spectroscopy with the RTT-150 telescope of the TUBITAK Observatory. Its spectrum ( Fig. 1 ) clear shows a broad (FWHM = 3272 km s −1 corrected for the spectral resolution of the instrument), redshifted Hα emission line and a number of other characteristic emission lines (in particular, [OIII] and [SII]), which unambiguously point to the fact that this object is a Seyfert 1 AGN at redshift z = 0.059 ± 0.001 (D L 272.6 Mpc).
Note that Swift J1107.8+7107 was previously studied by Stephen et al. (2018) . However, the position of the X-ray object was determined with a much lower accuracy (∼ 10 ) and differs from the one presented in this paper by ≈ 7.5 . Nevertheless, the authors managed to correctly establish the optical counterpart and to obtain a rough estimate of its redshift (≈ 0.06). However, Stephen et al. (2018) did not reach any conclusions about the AGN type. The new information obtained about the optical and X-ray (soft and hard Xray luminosity) properties of IGR J11079+7106 and the remaining objects considered below is given in Table 2 .
IGR J12171+7047
The bright (r 12.61 from the PanSTARRS data) galaxy NGC 4250 ( Fig. 2) , which we consider as the most probable hard X-ray source, falls into the IBIS/INTEGRAL error circle. Moreover, previously the XRT/Swift telescope has already recorded soft X-ray emission from it. In the Swift source catalog this object is designated as Swift J1217.6+7047 (Evans et al. 2014 ).
We performed the object's spectroscopy with the RTT-150 telescope. Narrow, redshifted Hα (FWHM = 539 km s −1 , completely determined by the resolution of the instrument), [NII], [SII], and [OIII] lines are clearly distinguishable in the spectrum of the central part of the galaxy (Fig. 2 ). The measured redshift is z = 0.007 ± 0.001 and the corresponding photometric distance is D L = 31.8 Mpc. This is in good agreement with the previous estimates of D = 31 − 35 Mpc (the NASA Extragalactic Database, NED). Its spectrum reveals a similarity both with the spectra of Seyfert 2 galaxies and with the spectra of LINER galaxies. To establish the true class of the object, we estimated the line flux ratios [NII]/Hα = 1.27 and [SII]/Hα = 0.88, the lower limit [OIII]/Hβ > 2.7, and used the well-known BPT diagram (Baldwin et al. 1981 ; Kewley et al. 2006) . The values obtained correspond to the transition region between the LINER and Seyfert 2 galaxies. However, since the Hβ line in the source's spectrum is not statistically significant and since only a lower limit was obtained for the ratio [OIII]/Hβ, the investigated object is more likely a Seyfert 2 galaxy.
The total X-ray spectrum of IGR J12171+7047 and its putative counterpart Swift J1217.6+7047 is well fitted (χ 2 = 1.2 per degree of freedom for 5 degrees of freedom) by a power law with a low energy cutoff due to photoabsorption. In this case, the slope is Γ 1.8 and the absorption column density is N H 10 24 cm −2 . Given the distance to the object (see above), the hard X-ray luminosity of the source is ∼ 10 42 erg s −1 ( Table 2 ). All of this suggests that we are dealing with a Seyfert 2 galaxy with a large absorption column density.
IGR J18165-3912
To improve the object's localization, we requested the XRT/Swift observations (ObsID 00011480001, performed on July 16, 2019), based on which we managed to determine the soft X-ray counterpart of the source (Fig. 3 ) and to measure its X-ray flux ( Table 1) . Having established an accurate position of the X-ray source, we were able to identify it in the optical and near-IR bands using data from the SkyMapper (r = 17.829 ± 0.053) and VHS (VISTA telescope) surveys of the European Southern Observatory (ESO). In addition, the object is recorded in the Gaia astrometric all-sky survey and, according to the estimates from Bailer-Jones et al. (2018), the distance to it is 6869 +4300 −2763 pc. Thus, it is galactic in nature.
Using the VHS data, we constructed a colormagnitude diagram for all stars within 1 of the investigated object (Fig. 3) . The IR counterpart of the source is seen to lie slightly away from the main group of stars, which is typical for binary star systems with accretion disks (and for AGNs). The dereddened (according to the VHS data, E(J − 
Ks)
0.05) color of the object is (J − Ks) = 1.42 ± 0.01, which roughly corresponds to the color of stars of spectral type M7 or later (Wegner 2014 ). The absolute magnitude of the IR counterpart of IGR J18165-3912, corrected for the extinction and the Gaia distance uncertainty, lies in the range M Ks = −1.29÷1.03. For comparison, M Ks,M 7III = −7.08±0.73 for a red M7 giant (Wegner 2007 (Wegner , 2014 and M Ks,M 7V = 4.24 ± 0.49 for a main-sequence M7 star. Thus, we are probably dealing with the emission from an accretion disk around a compact object in a low-mass X-ray binary or a cataclysmic variable (CV).
The XRT/Swift and IBIS/INTEGRAL spectral data obtained (at different times) in the soft and hard X-ray energy bands agree poorly between themselves ( Fig. 3) , which may suggest a strong variability of the X-ray emission from the source. Making this assumption, the broadband spectrum of the source can be described, for example, by the plasma bremsstrahlung model with a temperature kT = 19.1 ± 5.9 (χ 2 = 0.52 per degree of freedom for 10 degrees of freedom); this requires introducing a correction factor of 9.1 for the XRT/Swift data. Such a spectral shape is typical for the X-ray emission from accretion columns on the poles of a magnetized white dwarf in CVs (polars and intermediate polars; Hailey et al. 2016 ).
If IGR J18165-3912 is a low-mass X-ray binary, then its orbital period can be estimated based on a semiempirical relation from Revnivtsev et al. (2012) . This formula relates the orbital period and luminosity of a binary in the X-ray (2-10 keV) and near-IR bands. Taking into account the strong variability of IGR J18165-3912 and the uncertainty in its distance, we find that its orbital period should be 13.7-4400 days, which is quite atypical for lowmass X-ray binaries (the typical range is 0.01-10 days; Iben et al. 1997; Yan et al. 2010) .
Based on the set of available data, we conclude that IGR J18165-3912 is most likely an intermediate polar -a CV where matter from the companion star falls into the accretion disk and then onto the magnetic poles of the white dwarf.
In particular, the object's high X-ray luminosity (∼ 10 34 -10 35 erg s −1 , given the significant uncertainty in the distance, see Table 2 ) provides evidence for this hypothesis. Moreover, IGR J18165-3912 is one of the most powerful (in X-rays) CVs discovered to date (Pretorius and Mukai 2014).
IGR J20596+4303
According to the Swift data, there are two X-ray sources (Fig. 4) J210000.9+430208 12 in the immediate vicinity of this object (Baumgartner et al. 2013 ). SWIFT J2059.6+4301B is slightly closer (4.1 ) to the position measured by the IBIS/NTEGRAL telescope, falling into the 2σ error circle. SWIFT J2059.6+4301A is 4.7 away from IGR,J20596+4303 and falls into the 3σ error circle with a radius of 6.3 .
An accurate localization of SWIFT J2059.6+4301B based on the XRT data ( Table 2 ) allows its optical counterpart to be unambiguously determined. This is an object with optical/IR magnitudes r 20.37, W 1 = 12.63 ± 0.03 (from the PanSTARRS and WISE data, respectively) and with infrared colors (W 1 − W 2 ≈ 0.73) typical for AGNs (Stern et al. 2012 ). Previously, this object has already been noted as an AGN candidate (Edelson and Malkan 2012). Our AZT-33IK spectrum shows that this is a Seyfert 2 galaxy (FWHM Hα = 546.6 km s −1 , completely determined by the resolution of the instrument) at redshift z = 0.0656 ± 0.0010 ( Fig. 5 on the left).
The hard X-ray flux measured with the IBIS/INTEGRAL instrument is higher than the soft X-ray flux from SWIFT J2059.6+4301B by an order of magnitude (Fig. 5 ). If this difference is attributed to the object's Upper rows: the X-ray spectra of the assumed soft X-ray counterparts of IGR J20596+4303 (black dots, SWIFT J2059.6+4301B/1SXPS J210000.9+430208 (left) and SWIFT J2059.6+4301A/1SXPS J205915.6+430105 (right)) combined with the INTEGRAL hard X-ray spectrum of the source (red dots). The lines indicate the models that best fit these data points (see the text). Lower row: the corresponding optical spectra of the putative counterparts obtained with the following telescopes: AZT-33IK (SWIFT J2059.6+4301B, left) and RTT-150 (SWIFT J2059.6+4301A, right). The most significant spectral lines are marked. variability, then the total spectrum of the pair IGR J20596+4303/SWIFT J2059.6+4301B can be described (χ 2 = 0.31 per degree of freedom for 8 degrees of freedom) by a power law (Γ 1.8) with absorption N H = 2.6 ± 0.7 × 10 22 cm −2 , typical values for Seyfert 2 galaxies. This requires introducing an additional normalization factor of 5.6 for the XRT/Swift data.
As regards the other possible X-ray counterpart, SWIFT J2059.6+4301A, according to the optical and IR survey data, a fairly bright optical object (r 17.53), whose IR colors (W 1 − W 2 ∼ 0) point to its stellar nature, falls into the error circle of this source. According to the Gaia data (Bailer-Jones et al. 2018), the distance to the object is 2068 +692 −432 pc. An unshifted narrow Hα emission line ( Fig. 5 on the right), pointing to the emission from an accretion disk in a binary system (for example, a CV), is identified in the RTT-150 spectrum.
The total spectrum of the pair IGR J20596+4303/ SWIFT J2059.6+4301A can be described (χ 2 = 0.89 per degree of freedom for 6 degrees of freedom) by the bremsstrahlung model with a plasma temperature kT = 33 ± 15 and absorption N H = 5.19 ± 1.24 × 10 22 cm −2 , typical for magnetic CVs. However, this requires introducing an additional normalization factor for the XRT/Swift data, i.e., again admitting a strong variability of the object. The measured high X-ray luminosity of the source (Table 2) , 10 33 erg s −1 , suggests that this is an intermediate polar.
Taking into account what has been said above, the hard X-ray source IGR J20596+4303 is apparently a superposition of both objects considered, SWIFT J2059.6+4301A and SWIFT J2059.6+4301B, the first of which is a CV and the second is an AGN. To better demonstrate this, we constructed the total soft X-ray spectrum of SWIFT J2059.6+4301A and SWIFT J2059.6+4301 from the XRT/Swift data and compared it with the spectrum of IGR J20596+4303 measured by INTEGRAL at higher energies (Fig. 6 ).
Note also that the results obtained by us separately for SWIFT J2059.6+4301A and SWIFT J2059.6+4301B agree well with those presented in Marchesini et al. (2019) .
CONCLUSIONS
We made optical identifications of four hard X-ray sources first detected during a deep extragalactic survey (Mereminskiy et al. 2016) and an extended Galactic plane survey (|b|< 17 • , Krivonos et al. 2017) with the INTEGRAL observatory. We showed that two of them (IGR J11079+7106 and IGR J12171+7047) are nearby Seyfert 1 and 2 galaxies, respectively. The redshifts were measured for them, with the object IGR J12171+7047 being characterized by a large absorption column density (N H 10 24 cm −2 ). The third object (IGR J18165-3912) is apparently a cataclysmic variable (intermediate polar)with a very high luminosity ( 10 34 erg s −1 . Finally, the fourth object (IGR J20596+4303) is most probably a superposition of two X-ray sources of comparable brightness, one of which is a Seyfert 2 galaxy and the other one is a cataclysmic variable (most likely an intermediate polar).
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